




High prevalence of dehydration and inadequate nutritional knowledge among university and club level athletes.
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Although dehydration of ≥2% body weight (BW) loss significantly impairs endurance performance, dehydration remains prevalent among athletes and may be owing to a lack of knowledge in relation to fluid requirements. The aim of this study was to assess the hydration status of university/club level athletes (n=430) from a range of sports/activities (army officer cadet training; bootcamp training; cycling; Gaelic Athletic Association camogie, football and hurling; golf; hockey; netball; rugby; running (sprinting and endurance); Shotokan karate and soccer) immediately before and after training/competition and to assess their nutritional knowledge. Urine specific gravity (USG) was measured immediately before and after exercise and BW loss during exercise was assessed. Nutritional knowledge was assessed using a validated questionnaire. 31.9% of athletes commenced exercise in a dehydrated state (USG >1.020) with 43.6% of participants dehydrated post-training/competition. Dehydration was particularly prevalent (>40% of cohort) among karateka, female netball players, army officer cadets, and golfers. Golfers that commenced a competitive 18 hole round dehydrated took a significantly higher number of strokes to complete the round in comparison to their euhydrated counterparts (79.5 ± 2.1 vs. 75.7 ± 3.9 strokes, p = .049). Nutritional knowledge was poor among participants (median total score [IQR]; 52.9% [46.0, 59.8]), albeit athletes who were euhydrated at the start of exercise had a higher overall score in comparison to dehydrated athletes (55.2% vs. 50.6%, p = .001). Findings from the current study, therefore, have significant implications for the education of athletes in relation to their individual fluid requirements around exercise. 
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Introduction
Dehydration detrimentally affects exercise performance potentially via increasing core body temperature, cardiovascular strain and glycogen utilisation, altering metabolic function and impairing cognitive performance (Sawka et al., 2007; Ganio et al., 2011). Furthermore, exercise-induced dehydration may adversely affect saliva antimicrobial proteins and immunoglobulins associated with mucosal immunity (Fortes et al., 2012), thus potentially increasing susceptibility to infection. It is therefore important that athletes maintain an adequate hydration status around exercise. As sweat rate and composition varies greatly between athletes (Sawka et al., 2007; Maughan et al., 2007; Osterberg et al., 2009; Baker et al., 2015), it is not possible to provide a single fluid recommendation for all. For example, ‘salty sweaters’ who may be particularly prone to heat cramping (Eichner, 2007) may have higher sodium replacement needs. Since the fluid requirements of athletes will differ depending on individual characteristics and the type/intensity of exercise in which they partake, individualized fluid replacement strategies are necessary. The American College of Sports Medicine (ACSM) recommend that fluid intake during exercise should be sufficient to limit body weight (BW) loss to <2% from baseline (Sawka et al., 2007). However, this view has been criticised as it may be inappropriate for athletes that commence exercise in a severely dehydrated state. 
Dehydration of ≥2% BW has consistently been shown to impair endurance performance, particularly in hot weather (Sawka et al., 2007; Chevront & Kenefick, 2014). Furthermore pre-exercise dehydration of 3% BW impairs anaerobic performance (Kraft et al., 2012, Davis et al., 2015).  Even mild dehydration (~1-2% BW loss) has been shown to impair sport-specific cognitive-motor task performance (Smith et al., 2012). Therefore, when providing nutritional advice to athletes, an area in which many athletes appear to be lacking in knowledge (Heaney et al., 2011; Walsh et al., 2011; Torres-McGhee et al., 2012), it is important that individual fluid requirements are considered. Despite the obvious benefit of starting exercise in a euhydrated state, many athletes begin exercise already dehydrated. Using the well-defined cut-off of a urine specific gravity (USG) >1.020 (Casa et al., 2000), 45-89% of athletes from a variety of sports were observed to commence training/competition in a dehydrated state (Osterberg et al., 2009; Volpe et al., 2009; Gibson et al., 2012; Rivera-Brown & De Felix-Davila, 2012; Arnaoutis et al., 2014; Pettersson & Berg, 2014; Thigpen et al., 2014; Magal et al., 2015). Moreover many athletes fail to drink enough to replace their fluid losses during exercise, with a high prevalence of athletes being dehydrated post-training/competition (Osterberg et al., 2009; Gibson et al., 2012; Rivera-Brown & De Felix-Davila, 2012; Arnaoutis et al., 2014; Phillips et al., 2014). 
Currently there is a dearth of literature on the hydration status and nutritional knowledge of university/club level athletes within Ireland/UK; the majority of previous studies have focused on the hydration status of elite athletes or those participating in American collegiate sports. Athlete’s nutritional knowledge may influence dietary intake however research in this area is equivocal and a recent systematic review has highlighted the need for further studies assessing the nutritional knowledge of athletes using validated assessment tools (Heaney et al., 2011). The aim of this study therefore was to assess the hydration status of individuals participating in a variety of sports/activities pre- and post-training/competition and to determine their sports nutrition knowledge, with a focus on fluid knowledge.
Methods
Study design
Participants were recruited from university sports teams and local clubs throughout Ireland encompassing a variety of sports/activities including: army officer cadet training; bootcamp training; cycling; Gaelic Athletic Association (GAA) sports (camogie, football and hurling); golf; hockey; netball; rugby; running (sprinting and endurance); Shotokan karate and soccer. 22 cohorts of athletes were sampled in total. Immediately prior to a training session/competition participants provided a urine sample and weight (kilograms) to the nearest 0.1kg was measured with an empty bladder, using electronic weighing scales (Seca, UK) with participants wearing light clothing (it was not logistically possible to measure nude weight). Height (metres) was measured to the nearest mm using a stadiometer (Marsden Leicester Height Measure, Selles Medical, UK). Participants were advised to follow their usual fluid regime during the study. Details of the training session/competition undertaken by each cohort are provided in Table 1. Immediately after exercise participants were asked to towel off excess sweat and were weighed in the same clothes as worn when weighed previously. After weighing participants then provided another urine sample. Participants were asked to complete a validated sports nutrition knowledge questionnaire (Zinn et al., 2005) in hard-copy before or after training/competition. The elite collegiate golfers participating in this study were assessed before and after a competitive 18 hole round and the score obtained for their round was recorded. Ethical approval for the study was obtained from Ulster University’s Research Ethics Committee (REC/10/0227, REC/11/0365) and informed consent was obtained from participants.
Hydration status
USG was assessed, as a primary marker of hydration status, using a digital refractometer (Atago PAL-10S, Cole-Parmer UK). The measurement accuracy of the PAL-10S USG refractometer used in this study is ± 0.001. The equipment was calibrated using distilled water before use and tested with distilled water after every 3 samples. Refractometer readings have been shown to be consistent with repeated measures on the same sample (R=.998) and also between testers (Stuempfle and Drury, 2003).Samples were analysed immediately following collection or following cold storage overnight with samples brought to room temperature prior to analyses. Euhydration was defined as USG ≤1.020 and dehydration as USG >1.020 (Sawka et al., 2007). BW loss during training/competition was determined as a secondary measure of hydration status. 
Sports nutrition knowledge
Sports nutrition knowledge was assessed using a psychometrically validated and reliable questionnaire (Zinn et al., 2005). This questionnaire has been used previously to assess the nutritional knowledge of coaches (Zinn et al., 2006; Cockburn et al., 2014). As the questionnaire was developed in New Zealand some of the brand names were adapted to ensure relevance to the UK/Irish population. The questionnaire consisted of 87 questions that assessed knowledge of general nutrition (41 questions), fluid (9 questions), recovery (11 questions), weight control (15 questions) and supplements (11 questions).  A correct response was scored as +1 and an incorrect/unsure response as 0. Scoring was independently performed and checked by two researchers. 
Statistical analyses
Statistical analyses were performed using SPSS (IBM, version 22). Data from athletes of similar sports were grouped together for analyses. Data was tested for normality using the Shapiro-Wilk test. A McNemar’s test was used to determine significant differences in the prevalence of dehydration between sporting groups. Differences in USG pre- and post-training/competition were determined using a Wilcoxin Signed Rank test. Differences in scores obtained in the questionnaire between sections and between sporting groups were determined using the Kruskal-Wallis test. Follow-up Mann-Whitney U tests were conducted comparing the highest versus lowest values with a Bonferroni adjustment applied where necessary to control for Type I errors. An independent t-test was used to assess differences in total strokes taken to complete a competitive golf round between euhydrated/dehydrated players. p<.05 was accepted as significant for all tests.
Results
Hydration status
Participant characteristics, % BW lost during training/competition and hydration status pre- and post-training/competition are shown in Table 2 for the total cohort (n=430) and per sporting group.  USG data was available for all participants pre-training/competition and for 429 participants post-training as 1 participant was unable to provide a urine sample. Of the total cohort 31.9% were dehydrated (USG >1.020) before exercise with >40% of netball players, karateka, army officer cadets and golfers commencing exercise in a dehydrated state (Figure 1). Prevalence of dehydration within the total cohort (43.6%) was significantly higher (p<.001) post-training/competition and a high proportion (≥ 60%) of netball and hockey players, karateka, army officer cadets and golfers were dehydrated post-exercise (Figure 1). USG pre- and post-training/competition was significantly different between sporting groups (p=.002 and p<.001 respectively). USG was significantly higher post-training/competition versus pre-training/training competition for the total cohort (p<.001) and for rugby/Gaelic/soccer players (p<.001), hockey players (p<.001), karateka (p=.002), netball players (p=.035), cyclists (p=.004) and golfers (p=.048) with median USG among these athletic groups ≥ 1.020 post-training (Table 2). At both time points army officer cadets had a significantly higher (p≤.001) median USG compared to sprinters and endurance athletes that had the lowest median USG (Table 2). Change in USG during training was highest for female hockey players and karateka and was significantly greater in comparison to army officer cadets (p<.001, p=.003 respectively) and bootcamp athletes (p<.001, p=.007 respectively) who had the smallest change in USG during training (Table 2). Of those participants that lost weight during training/competition, most (61.9%) lost <1% BW, 26% of the cohort (n=112) lost between 1-<2% BW and 4.2% (18 athletes 14 of which were rugby/Gaelic/soccer players) lost ≥2% BW during training with the highest BW loss recorded in the current study being 3.3%.
Nutritional Knowledge
A total of 409 athletes completed the questionnaire of which 346 completed in full and 63 completed the fluid section only (Table 3). The median total score in the nutritional knowledge questionnaire was 52.9% for the total cohort (n=346). There was a significant difference in the scores obtained for each section for the total cohort (p<.001) and between sports (Table 3). Overall pre-exercise dehydrated athletes scored significantly lower (p=.001) in comparison to their euhydrated counterparts (median total score of dehydrated athletes 50.57% versus 55.17% for euhydrated). Within sports, the total nutritional knowledge score was significantly lower in dehydrated rugby/Gaelic/soccer (p=.011) and netball players (p=.028) (median total score of dehydrated players 48.3% and 52.9% versus 52.9% and 61.5% in euhydrated rugby/Gaelic/soccer and netball players respectively). In contrast dehydrated bootcamp athletes scored significantly higher in comparison to euhydrated athletes (59.8% versus 50.6%, p=.033) (Figure 2). Furthermore scores in the weight control (p=.044) and recovery (p<.001) sections of the questionnaire were significantly lower in dehydrated participants compared to those classified as euhydrated (median score in weight control section 46.7% vs. 53.3% and in recovery section 45.5% vs. 54.5%). Fluid knowledge did not differ significantly between euhydrated and dehydrated athletes within sports, with the exception of karateka and golfers that were dehydrated pre-exercise who obtained a significantly lower score (p<.05) in the fluid section of the questionnaire (median score 22.2% and 33.3%, karateka and golfers respectively) compared to euhydrated karateka (50.0%) and golfers (66.7%) (Figure 3). Within the total cohort, scores did not differ significantly between athletes that were dehydrated versus those that were euhydrated post-exercise, with the exception of the recovery section in which dehydrated athletes had a lower score (p<.001). 
Golf performance
The mean number of total strokes taken to complete an 18 hole golf round was significantly higher (p=.049) in players that were dehydrated before commencing competition (79.5±2.1 strokes) in comparison to euhydrated players (75.7±3.9 strokes).
Discussion
In the current study 32% of the total cohort was observed to commence exercise/competition in a dehydrated state as determined by USG, a sensitive marker recommended for hydration assessment in the field setting (Armstrong, 2007). A high prevalence of dehydration pre-exercise was observed among karateka (41%), female netball players (47%), army officer cadets (53%) and golfers (40%), similar to findings in other sports (Osterberg et al., 2009; Volpe et al., 2009; Gibson et al., 2012; Thigpen et al., 2014).  35% of rugby, Gaelic and soccer players started exercise dehydrated, similar to previous findings in English soccer players, 35% of whom commenced a match in a dehydrated state as assessed by urine osmolality >900 mOsm/kg (Maughan et al., 2007). In contrast, a previous study observed only 10% of elite Gaelic football players commenced exercise in a dehydrated state (Newell et al., 2008). Extremely high (>75%) prevalence rates of dehydration pre-exercise/competition have been reported among weight class athletes (Rivera-Brown & De Felix-Davila, 2012; Pettersson & Berg, 2014) and among young elite (Arnaoutis et al., 2014) and collegiate athletes (Magal et al., 2015) from different sports. These findings, along with those of the current study, highlight that dehydration pre-exercise is prevalent across a variety of sports and is not confined to weight category athletes. 
Post-exercise/competition 44% of the total cohort were dehydrated with prevalence particularly high among female hockey players (77%), female netball players (73%), army officer cadets (67%), golfers (60%), karateka (62%) and male rugby, Gaelic and soccer players (48%) in agreement with previous observations (Rivera-Brown & De Felix-Davila, 2012; Arnaoutis et al., 2014). These findings demonstrate that many athletes fail to consume sufficient fluid during exercise to meet requirements; this was particularly evident among female hockey players who, along with karateka, had the highest change in USG during training. Such high levels of dehydration may also reflect limited opportunity for fluid consumption during exercise. While athletes participating in team sports often have the opportunity to drink during breaks in play, though evidently all players do not consume sufficient fluid to prevent dehydration, some sports do not afford such breaks e.g. no breaks were permitted during the 90-minute training session undertaken by karateka in this study. Unsurprisingly this cohort had the highest median level of BW loss during training and the highest change in USG during training. In contrast, USG (0.001) and prevalence of dehydration among male sprinters post-exercise was low (11%) likely due to the recovery breaks during training that would have provided opportunity for fluid consumption. Differences in hydration status between sporting groups may also be due to variations in the intensity/duration of the training session undertaken e.g. soccer, hockey, netball and karate are of higher intensity in comparison to golf (Ainsworth et al., 1993) and training sessions for some sports were of 2 hours duration (e.g. rugby and hockey) whereas others (e.g. bootcamp, army cadet training) lasted 1 hour only.
Some degree of body weight loss is inevitable during exercise and small losses are unlikely to affect performance and may actually be of benefit in certain sports (Savoie et al., 2015). Whilst ≥2% BW loss is widely accepted to impair endurance performance (Chevront & Kenefick, 2014), this has been contested as studies that have utilised ‘real-world’ conditions have found no detrimental effects on performance of 3-4% BW loss (Goulet et al., 2013). Inconsistencies in findings may be due to the relative insensitivity of performance tests used or confounding effects of the methods used to induce dehydration (Maughan & Shirreffs, 2008). Although in the current study only 18 athletes lost ≥2% BW during training, an amount that would appear low given the high prevalence of dehydration observed with USG, it should be noted that many of our athletes commenced exercise in a dehydrated state, thus BW loss is only an accurate marker of dehydration if athletes are euhydrated at the start of exercise.  
Dehydration of 1.8 - >2% BW loss may significantly impair the performance of skilled tasks relevant to team sports although evidence in this area is conflicting (McGregor et al., 1999; Edwards et al., 2007; Ali et al., 2011; Owen et al., 2013). Even at dehydration of 1% BW loss, basketball skill performance was significantly impaired in comparison to performance in a euhydrated state with performance progressively declining as dehydration progressed from 1% to 4% (Baker et al., 2007). Thus mild dehydration (1-2% BW loss), observed in 26% of athletes in the current study, may impair performance, though further research into sport-specific performance is needed. In contrast to the findings of Baker and colleagues (2007) dehydration of 2.5% BW had no effect on performance of basketball drills albeit rating of perceived exertion increased (Carvalho et al., 2011).  Dehydration has also been observed to impair skill and decision-making performance in field hockey (Macleod and Sunderland, 2012). In our study 36% and 77% of female hockey players were dehydrated before and after training respectively and thus these processes were likely affected during play. 
Mild dehydration has been shown to significantly impair cognitive-motor task performance in experienced male golfers, affecting distance accuracy and judgment (Smith et al., 2012). These findings are supported by the current study in which elite players that were dehydrated at the start of a competitive golf round took significantly more strokes to complete the round in comparison to euhydrated players. Furthermore none of the 6 players that were dehydrated at the start of the round consumed sufficient fluid to achieve a euhydrated state post-competition. It is unlikely that these differences were due to variation in the standard of the players as they all had a similar handicap (0 (n=3), +1 (n=7), +2 (n=3), +3 (n=1), unrecorded (n=1)). Given the high prevalence of dehydration among karateka in the current study, even before training, and with no opportunity for fluid intake during their 90-minute training session, it is possible that performance, elements of which are highly reliant on memory recall and concentration, was impaired. 
The high prevalence of dehydration observed in the current study may be due to a lack of knowledge with regard to fluid/nutritional requirements. Fluid knowledge was poor with only endurance athletes and sprinters having a median score in the fluid section of the questionnaire >60%. With the exception of karateka and golfers, fluid knowledge was not significantly different according to hydration status pre- or post-exercise. Nonetheless overall nutritional knowledge was significantly lower in those that were dehydrated pre-exercise versus their euhydrated counterparts. Nutritional knowledge was poor overall and similar to that reported in previous studies. In a random sample of 400 collegiate athletes, overall mean nutrition knowledge score was 54.9±13.5% and hydration knowledge score was 54.7±24.2% with only 9% of athletes deemed to have an adequate nutritional knowledge as defined by an overall score ≥ 75% (Torres-McGhee et al., 2012). Furthermore schoolboy rugby players had an overall nutritional knowledge of 59.6±12.8% and hydration knowledge of 76.4±20.7% (Walsh et al., 2011). This hydration score is much higher than the fluid score obtained by athletes in the current study likely due to the more simplistic nature of the questions asked.  However, as different tools were used across these studies to assess nutritional knowledge, making direct comparisons between studies is difficult. It is important that knowledge is assessed using a valid tool (Heaney et al., 2011), a strength of our study. 
This study is not without limitations. Hydration status was only assessed immediately before and after training/competition and on one occasion. Repeated measures of hydration status with the calculation of an average value would have provided a more accurate measure. Differences in training sessions between groups (e.g. duration, intensity etc) may have contributed to variations in hydration status. Furthermore, environmental conditions (e.g. temperature) during training/competition were not recorded and this may have impacted on hydration status. Further research to more objectively investigate the effect of these factors is needed. Nonetheless this study has provided an important insight into the hydration status of individuals participating in a variety of sports/activities. It should be noted that urinary hydration markers are inaccurate if measurements are obtained following the intake of a large amount of fluid due to large volumes of dilute urine being produced by the kidney following rapid fluid consumption (Armstrong, 2007). Thus USG has been shown to ‘lag behind’ plasma osmolality during periods of rapid body fluid turnover (Popowski et al., 2001). However, as athletes in the current study provided urine samples immediately after training the opportunity to consume large amounts of fluid was limited. Fluid ingestion/loss during exercise was not assessed in the current study; however BW loss, as a measure of hydration status (Armstrong, 2007), would, at least in part, have accounted for these factors, albeit a limitation in the assessment of BW in the current study was that athletes could not be weighed nude. Differences in hydration status and nutritional knowledge between athletes may have been due to the level of the athlete and/or if they had access to nutritional support. The level of the athlete was not determined in the current study and this should be addressed in future studies. In the current study some athletes were assessed pre-/post-competition and others pre-/post-training; an athlete’s preparatory regime may differ between training and competition and this could possibly have influenced the study findings. Furthermore, athletes that completed the questionnaire after training/competition (as opposed to before) may have been fatigued which may have impacted on their ability to answer questions. Future studies should assess these factors.
In conclusion dehydration was prevalent in athletes assessed in the current study, even at the start of exercise and approximately one third of the cohort lost >1% BW during training, a level that has been shown to significantly impair skill and cognitive performance. In support of previous findings, dehydration significantly impaired golfing performance in the current study. Overall nutritional knowledge of the study participants, drawn from a wide range of sporting activities was poor. Findings from the current study therefore have significant implications for the education of athletes in relation to their individual fluid requirements around exercise. 
Novelty statement: This paper provides an important insight into the hydration status and nutritional knowledge of a wide variety of university/club level athletes, an area in which information is currently lacking. Furthermore, to our knowledge, this is the first study to assess the effect of dehydration on golfing performance in a competitive setting and to assess nutritional knowledge among university and club level UK/Irish athletes using a validated questionnaire.
Practical application: There is a need to educate athletes and coaches in relation to individual fluid requirements around exercise to ensure optimal health and performance. The lack of nutritional knowledge among athletes should also be addressed.
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Table 1. Training session/competition undertaken by each athletic cohort.
Athletic group	Training session details
Male soccer (n=17) and rugby (n=14)	standard training session
Male sprinters (n=34)	5 x 2K undulating terrain session at marathon pace; 1 min recovery
Male endurance (n=20)	NA*
Gaelic football (n=19)	90 min session comprising: structured warm-up with gradual increase in intensity combined with dynamic stretches; structured games and conditioning work; competitive game; cool down.
Female Gaelic camogie (n=15)	10-15 min warm up, followed by a set of drills and stretches; 65 min match; 5-10 min cool down (stretching/light jog).
Male rugby (n=16)	2 hr standard training session
Male rugby (n=8)	90 min standard training session
Female hockey (n=7)	2 hr standard training session
Male rugby (n=26)	1 hr 35 min session: 10-20 minutes of touch rugby, stretches, 30 minutes of handling skills, 20 minutes of individual position skills and 20 minutes of team play
Male (n=17) and female (n=5) Shotokan karateka	90 minute intensive session with no breaks
Female netball (n=15)	90 min session: 15 min warm-up, 30 min fitness/circuits, 40 min match play, 5 min cool down
Male (n=8)/female (n=7) army officer cadets	1 hr circuit training including bodyweight & free weight exercises
Female hockey (n=15)	NA
Female Gaelic players (n=14)	60-75 min session: 10 min light warm up, 3x shooting, skills and hand passing and drills at moderate intensity, and a short game at high intensity followed by a cool down.
Male soccer (n=20)	NA
Male Gaelic footballers (n=48)	1 hr 45 – 2 hr standard training session
Female Gaelic footballers (n=17) 	60 min light training session
Male Gaelic hurlers (n=8)	90 min standard session including sprints and gameplay
Male (n=22) and female (n=7) cyclists	100km cycle with +1000m of net elevation throughout
Male (n=11) and female (n=15) bootcamp athletes	1 hr session
Male elite collegiate golfers (n=15)	18 hole competitive round
Male Gaelic footballers (n=14)	NA
*NA = information on training session/competition not available

Table 2. Participant characteristics, % body weight lost during training/competition and hydration status pre- and post-training/competition.
sport/activity	n	gender	height (m)	BMI (kg/m2)	% BW loss during training/competition	USG pre-training/competition$	USG post-training/competition$	USG (post-pre USG)$
rugby/Gaelic/ soccer players	188	M	1.79†(1.75, 1.83)	25.04(22.60, 27.40)	0.80(0.41, 1.30)	1.016(1.008, 1.023)	1.020*(1.014, 1.025)	0.003(0.000, 0.008)
								
sprinters	34	M	1.78(1.73, 1.82)	22.65(20.79, 23.97)	1.09(0.52, 1.55)	1.009(1.006, 1.021)	1.011(1.008, 1.017)	0.001(-0.004, 0.003)
								
endurance athletes	20	M	1.78(1.73, 1.83)	23.59(22.11, 25.73)	0.83(0.60, 1.24)	1.009(1.005, 1.015)	1.011(1.007, 1.015)	0.015(-0.003, 0.006)
								
Gaelic players	44	F	1.63(1.58, 1.66)	23.25(22.55, 25.61)	0.47(0.27, 1.02)	1.011(1.006, 1.024)	1.016(1.008, 1.022)	0.001(-0.003, 0.006)
								
hockey players	22	F	1.68(1.62, 1.72)	24.54(22.50, 27.62)	0.28(0.00, 0.42)	1.016(1.008, 1.023)	1.025*(1.021, 1.027)	0.005(0.003, 0.010)
								
karateka	22	17M5F	1.78(1.69, 1.81)	25.54(22.80, 26.50)	1.09(0.68, 1.57)	1.016(1.007, 1.023)	1.023*(1.012, 1.025)	0.005(0.002, 0.008)
								
netball players	15	F	1.68(1.62, 1.80)	21.49(20.95, 25.45)	0.30(0.15, 0.52)	1.020(1.010, 1.024)	1.021*(1.012, 1.026)	0.002(0.000, 0.005)
								
army officer cadets                                    	15	8M7F	1.80(1.73, 1.83)	23.10(22.25, 26.09)	0.00(-0.49, 0.14)	1.021(1.015, 1.030)	1.028(1.016, 1.029)	0.000(-0.002, 0.001)
								
cyclists	29	22M7F	1.74(1.67, 1.79)	26.1(24.5, 29.4)	0.56(0.00, 0.81)	1.016(1.012, 1.021)	1.020*(1.015, 1.024)	0.003(-0.001, 0.006)
								
bootcamp athletes	26	11M15F	1.73(1.66, 1.80)	25.25(23.42, 27.83)	0.27(0.12, 0.42)	1.013(1.006, 1.018)	1.015(1.006, 1.019)	0.000(-0.002, 0.003)
								
golfers	15	M	1.83(1.78, 1.85)	22.32(20.98, 27.07)	0.14(0.00, 0.26)	1.020(1.018, 1.023)	1.023*(1.016, 1.027)	0.002(0.000, 0.003)
								
total cohort	430	315M115F	1.77(1.70, 1.82)	24.30(22.25, 27.07)	0.60(0.25, 1.14)	1.015(1.007, 1.022)	1.019*(1.011, 1.024)	0.003(0.000, 0.007)
† all data presented as median (interquartile range); BW= body weight, F=female, M=male, USG=urine specific gravity; * significantly different from USG pre-training/competition as determined by Wilcoxin Signed Rank test (p<.05); $ significantly different between sports as determined by a Kruskal-Wallis test (p<.05)
Table 3. Nutrition knowledge scores by sporting group.
sport/activity	n	General nutrition score (%)	Fluid score (%)	Recovery score (%)	Weight control score (%)	Supplement score (%)	Total score(%)
rugby/Gaelic/ soccer players	48 (fluid section)120(fluid section and all other sections) 	56.1†(48.8, 63.4)	55.6(44.4,66.7)	45.5(27.3, 63.6)	53.3(40.0, 60.0)	36.4 (18.2, 45.5)	50.6(44.8, 58.6)
							
sprinters	34	56.1(48.8, 63.4)	61.1(55.6, 66.7)	63.6(45.5, 72.7)	60.0(46.7, 66.7)	45.5(18.2, 45.5)	55.7(50.6, 63.2)
							
endurance athletes	20	59.8(56.1, 75.6)	66.7(55.6, 72.2)	63.6(45.5, 81.8)	56.7(36.7, 66.7)	22.7(9.1, 45.5)	59.8(46.0, 64.9)
							
Gaelic players	44	61.0(56.1, 73.2)	55.6(44.4, 66.7)	50.0(36.4, 63.6)	60.0(50.0, 70.0)	36.4(18.2, 45.5)	55.2(49.4, 60.9)
							
hockey players	22	64.6(58.5, 73.2)	44.4(33.3, 66.7)	45.5(36.4, 63.6)	53.3(46.7, 60.0)	27.3(18.2,45.5)	59.7(52.9, 67.2)
							
karateka	21	58.5(48.8, 68.3)	33.3(22.2, 55.6)	36.4(27.3, 45.5)	40.0(20.0, 60.0)	18.2(9.1, 36.4)	43.7(36.8, 50.6)
							
netball players	15	65.9(56.1, 68.3)	55.6(33.3, 66.7)	45.5(45.5, 54.5)	53.3(46.7, 66.7)	45.5(27.3, 63.6)	58.6(52.9, 62.1)
							
army officer cadets	15	65.9(56.1, 68.3)	55.6(44.4, 66.7)	45.5(27.3, 63.6)	60.0(53.3, 66.7)	36.4(27.3, 45.5)	55.2(51.7, 62.1)
							
cyclists	29	61.0(51.2, 68.3)	44.4(44.4, 55.6)	45.5(27.3, 63.6)	40.0(33.3, 60.0)	18.2(9.1, 36.4)	49.4(39.1, 57.5)
							
bootcamp athletes	26	57.3(53.7, 61.0)	44.4(33.3, 55.6)	50.0(45.5, 63.6)	50.0(40.0, 60.0)	40.9(18.2, 54.5)	51.7(47.1, 55.2)
							
golfers	15 (fluid section only)		55.6(33.3, 66.7)				
							
total cohort*	63 (fluid section)346 (fluid section and all other sections)	58.5(51.2, 68.3)	55.6(44.4, 66.7)	45.5(36.4, 63.6)	53.3(40.0, 60.0)	27.3(18.2, 45.5)	52.9(46.0, 59.8)











Figure 1: The prevalence of dehydration (urine specific gravity >1.020) pre- and post-training/competition in UK/Irish athletes by sporting group. The significant differences indicated within sporting groups were assessed using McNemar’s test.
Figure 2: Nutritional knowledge of athletes according to hydration status pre-training/competition. The significant differences between euhydrated and dehydrated athletes indicated within groups were assessed using the Kruskal-Wallis test. Symbols (* and open/closed circles represent outliers).
Figure 3: Fluid knowledge of athletes according to hydration status pre-training/competition. The significant differences indicated within groups were assessed using the Kruskal-Wallis test or Mann-Whitney U test. Symbols (* and open/closed circles represent outliers).






